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Benson  Lake  Dam,  Missouri  Inv>  No.  30667 

Missouri 

Gasconade 

An  unnamed  tributary  of  the  Frene  Creek 
April  2A,  1980 


Name  of  Dam: 

State  Located: 
County  Located: 
Stream: 

Date  of  Inspection: 


Assessment  of  General  Condition 


Benson  Lake  Dam  was  inspected  by  the  engineering  firms 
of  Consoer,  Townsend  and  Associates,  Ltd.  and  PRC  Engineering 
Consultants,  Inc.  (A  Joint  Venture)  of  St.  Louis,  Missouri  accord¬ 
ing  to  Che  U.  S.  Array  Corps  of  Engineers  "Engineer  Regulation  No. 
1110-2-106"  and  additional  guidelines  furnished  by  the  St.  Louis 
District  of  the  Corps  of  Engineers.  Based  upon  the  criteria  in  the 
guidelines , '"Che|i  dam  is  in  the  high  hazard  potential  classification, 
which  means  that  urban  development  with  more  than  a  small  number  of 
habitable  structures  could  be  affected  in  the  event  of  failure  of 
the  dam.  Within  the  estimated  damage  zone  of  three  miles  down¬ 
stream  of  the  dam  are  one  dwelling,  four  buildings,  two  trallors, 
an  oil  depot,  sewage  lagoons  and  a  state  highway  (Hwy  100)  which 
may  be  subjected  to  flooding,  with  possible  damage  and/or  destruc¬ 
tion,  and  possible  loss  of  life.  Benson  Lake  Dam  is  in  the  small 
size  classification  since  it  is  less  than  40  feet  in  height  and 
impounds  less  than  1000  acre-feet  of  water. 


In  general,  the  dam  appears  to  be  in  poor  condition. 
Our  inspection  and  evaluation  indicates  that  the  spillway  of  Benson 
Lake  Dam  does  not  meet  the  criteria  set  forth  in  the  guidelines  for 
a  dam  having  the  above  size  and  hazard  potential.  Benson  Lake  Dam 
being  a  small  size  dam  with  a  high  hazard  potential  is  required  by 
the  guidelines  to  pass  from  one-half  of  the  Probable  Maximum  Flood 
to  the  Probable  Maximum  Flood  without  overtopping.  Considering  the 
number  of  inhabited  dwellings,  a  state  highway,  and  an  oil  depot 
being  located  downstream  of  the  dam,  the  PMF  is  considered  the 
appropriate  spillway  design  flood  for  Benson  Lake  Dam.  i-s^It  was 
determined  that  the  reservoir/spillway  system  can  accommodate 
approximately  20  percent  of  the  Probable  Maximum  Flood  without 
overtopping  the  dam.<  'evaluation  also  indicates  that  the  reser- 
voir/spi 1 Iway  system  can  accommodate  the  one-percent  chance  flood 
(100-year  flood)  without  overtopping. 

The  Probable  Maximum  Flood  is  defined  as  the  flood 
discharge  that  may  be  expected  from  the  most  severe  combination  of 
critical  meteorological  and  hydroli-.tic  conditions  that  are  reason¬ 
ably  possible  in  the  region. 

Another  major  deficiency  with  Benson  Lake  Dam  is  the 
three  scarps  observed  on  the  downstream  slope  on  the  left  side  of 
the  embankment  and  the  seepage  observed  in  the  area..,  Two  of  the 
scarps  were  fairly  shallow  and  approximately  3-feet  wide.  The 
other  scarp  was  approximately  20-feet  wide  at  the  top  and  30  feet 
wide  at  the  bottom.  These  scarps  and  the  seepage  indicate  insta¬ 
bility  of  the  slope. 

Other  deficiencies  noted  by  the  inspection  team  were  the 
minor  wave  erosion  on  the  upstream  slope,  the  trees  on  the  upstream 
and  the  downstream  embankment  slopes,  the  tall  vegetation  on  the 
embankment,  rodent  activity  on  the  embankment,  the  erosion  on  the 
left  side  slope  of  the  spillway  channel,  tall  grass  growing  within 
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BENSON  LAKE  DAM,  Missouri  Inv.  No.  30667 


SECTION  1 ;  PROJECT  INFORMATION 


General 


a.  Authority 

The  Dam  Inspection  Act,  Public  Law  92-367  of 
August,  1972,  authorizes  the  Secretary  of  the  Array,  through 
the  Corps  of  Engineers,  to  initiate  a  national  program  of  dam 
Inspections.  Inspection  for  Benson  Lake  Dam  was  carried  out 
under  Contract  DACW  43-80-C-0094  between  the  Department  of  the 
Array,  St.  Louis  District,  Corps  of  Engineers,  and  the  engi¬ 
neering  firms  of  Consoer,  Townsend  &  Associates,  Ltd.,  and  PRC 
Engineering  Consultants,  Inc.  (A  Joint  Venture),  of  St.  Louis, 
Missouri . 


b.  Purpose  of  Inspection 

The  visual  inspection  of  Benson  Lake  Dam  was  made 
on  April  24,  1980.  The  purpose  of  the  inspection  was  to  make 
a  general  assessment  as  to  the  structural  Integrity  and 
operational  adequacy  of  the  dam  embankment  and  Its  appurtenant 
structures . 
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Scope  of  Report 


This  report  summarizes  available  pertinent  data 
relating  to  the  project,  presents  a  summary  of  visual  observa¬ 
tions  made  during  the  field  inspection,  presents  an  assessment 
of  hydrologic  and  hydraulic  conditions  at  the  site,  presents 
an  assessment  of  the  structural  adequacy  of  the  various 
project  features  and  assesses  the  general  condition  of  the  dam 
with  respect  to  safety. 

Subsurface  Investigations,  laboratory  testing  and 
detailed  analyses  were  not  within  the  scope  of  this  study.  No 
warranty  as  to  the  absolute  safety  of  the  project  features  Is 
Implied  by  the  conclusions  presented  In  this  report. 

It  should  be  noted  that  In  this  report  reference  to 
left  or  right  abutments  Is  viewed  as  looking  downstream. 
Where  left  abutment  or  left  side  of  the  dam  Is  used  In  this 
report,  this  also  refers  to  the  west  abutment  or  side,  and 
right  to  the  east  abutment  or  side. 

d.  Evaluation  Criteria 

The  Inspection  and  evaluation  of  the  dam  Is  per¬ 
formed  in  accordance  with  the  U.S.  Army  Corps  of  Engineers 
"Engineer  Regulation  No.  1110-2-106"  and  additional  guidelines 
furnished  by  the  St.  Louis  District  office  of  the  Corps  of 
Engineers  for  Phase  1  Dam  Inspection. 


2  Dfcj-crlptlon  of  the  Project 

a.  Description  of  Dam  and  Appurtenances 

The  following  description  is  based  upon  observa¬ 
tions  and  measurements  made  during  the  visual  inspection  and 
from  conversations  with  Wilbur  Benson,  a  representative  of  the 
owner.  Design  drawings  were  not  located  for  the  dam  or 
appurtenant  structures. 

The  dam  is  an  earthflll  structure  between  earth 
abutments.  The  crest  has  a  total  length  of  277  feet  between 
the  spillway  and  the  right  abutment.  The  maximum  crest 
elevation  is  approximately  712  feet  above  mean  sea  level  (MSL) 
at  a  point  100  feet  to  the  right  of  the  spillway.  The  crest 
elevation  drops  6  inches  from  this  point  to  the  spillway  and  2 
feet  from  this  point  to  the  right  abutment.  The  dam  has  a 
somewhat  curved  alignment  convex  in  the  downstream  direction. 
The  crest  width  is  12  feet.  The  maximum  height  of  the  embank¬ 
ment  from  the  downstream  creekbed  is  approximately  25  feet. 
The  upstream  slope  was  measured  to  be  1  vertical  to  3  horizon¬ 
tal  (IV  to  3H)  from  the  crest  to  the  water  surface.  The 
downstream  slope  was  measured  to  be  IV  to  2H.  No  riprap  was 
provided  as  slope  protection  on  the  upstream  slope. 

The  spillway  is  constructed  into  the  left  abutment 
and  functions  as  an  open  channel.  The  approachway  provides  a 
smooth  transition  from  the  lake  to  the  spillway  channel.  Once 
over  the  crest  the  invert  slope  is  approximately  1%.  The 
crest  area  cross-section  is  trapezoidal  in  shape  with  a  68 
foot  top  width  and  a  45  foot  bottom  width.  The  channel  bottom 
has  a  small  subchannel  at  its  Invert  which  carries  most  of  the 
flow  for  normal  conditions;  this  subchannel  is  four  inches 
deep  with  a  5  foot  top  width.  The  spillway  channel  has  a  1.5 
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foot  drop  about  100  feet  downstream  from  the  crest*  Approxi¬ 
mately  50  feet  downstream  from  the  drop  the  alignment  has  a 
sharp  curve  to  the  right  before  it  empties  into  the  downstream 
channel.  There  is  about  50  feet  of  channel  between  the  sharp 
curve  and  the  downstream  channel.  Downstream  from  the  1.5 
foot  drop,  the  slope  of  the  invert  increases  and  the  width  of 
channel  decreases. 

The  right  rim  of  the  reservoir  is  parallel  to  a 
road  and  both  the  rim  and  the  road  are  at  a  lower  elevation 
than  the  top  of  dam.  Before  the  dam  could  be  overtopped, 
water  would  spill  over  this  right  rim  and  into  the  roadway. 
This  condition  causes  the  right  reservoir  rim  especially  at 
the  right  abutment  to  serve  as  an  emergency  spillway.  The 
roadway  at  the  right  abutment  is  approximately  2.5  feet  lower 
than  Che  Cop  of  dam  at  its  maximum  section,  whereas  the 
spillway  crest  is  almost  4  feet  lower  than  the  top  of  dam 
elevation  at  its  maximum  section. 

There  are  no  low  level  drains  or  mechanically 
controlled  outlet  works  provided  for  this  dam. 

b.  Location 

Benson  Lake  Dam  is  located  in  in  the  State  of 
Missouri,  Gasconade  County,  and  crosses  an  unnamed  tributary 
to  Frene  Creek,  which  Is  tributary  to  the  Missouri  River.  The 
damslte  Is  approximately  five  miles  southwest  of  Hermann,  a 
community  on  the  Missouri  River,  and  can  be  found  on  the  7.5 
minute  series  of  the  Hermann,  Mo.  Quadrangle  Sheet  in  Section 
15  of  Range  5  West  and  Township  45  North. 
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Size  Classification 


c . 


According  to  the  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams"  by  the  U.S.  Department  of  the  Army,  Office 
of  the  Chief  Engineer,  the  dam  Is  classified  In  the  dam-size 
category  as  being  "small"  since  its  storage  is  less  than  1,000 
acre-feet.  The  dam  la  also  classified  as  "Small"  in  the  dam- 
size  category  because  its  height  Is  less  than  40  feet.  The 
overall  size  classification  la  therefore  "Small". 

d.  Hazard  Classification 

The  dam  has  been  classified  as  having  a  "High" 
hazard  potential  in  the  National  Inventory  of  Dams,  on  the 
basis  that  In  the  event  of  failure  of  the  dam  or  its  appurte¬ 
nances,  excessive  damage  could  occur  to  downstream  property, 
together  with  the  possibility  of  the  loss  of  life.  Our 
findings  concur  with  this  classification.  Within  the  esti¬ 
mated  damage  zone,  which  extends  approximately  three  miles 
downstream  of  the  dam,  are  one  dwelling,  four  buildings,  two 
trailers,  an  oil  depot,  sewage  lagoons,  and  a  state  highway. 

e.  Ownership 

Benson  Lake  Dam  is  owned  privately  by  Mr.  Clifford 
Benson.  The  mailing  address  is  Mr.  Clifford  Benson,  R.R.  1, 
Box  82,  Hermann,  Missouri  65041. 

f.  Purpose  of  Dam 

The  purpose  of  the  dam  Is  to  impound  water  for 
recreational  use  as  a  private  lake. 
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g.  Design  and  Construction  History 


According  to  a  neighbor,  Mr.  A.C.  Schneider,  the 
dam  was  built  In  1966  (est.)  by  Mr.  Glennon  Epple  of  Hermann, 
Missouri.  Efforts  to  contact  the  original  builder  were 
futile. 


Mr.  Elmer  Kuhn,  who  was  the  soil  conservationist 
for  the  Hermann,  Missouri  area,  assisted  with  the  initial 
planning  for  the  dam.  However,  the  dam  wasn't  built  according 
to  Mr.  Kuhn's  recommendations.  The  height  of  the  dam  and 
spillway  were  raised  and  the  spillway  width  was  decreased. 
The  local  Soil  Conservation  Service  office  doesn't  have  any 
records  concerning  Benson  Lake.  Benson  Lake  Dam  was  orig¬ 
inally  called  Schneider  Lake  Dam. 

h.  Normal  Operational  Procedures 

The  dam  is  used  to  impound  water  for  recreational 
use.  Normal  procedure  is  to  allow  the  lake  to  remain  as  full 
as  possible  with  the  water  level  being  controlled  by  rainfall, 
runoff,  evaporation  and  the  elevation  of  the  spillway  crest. 
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Pertinent  Data 


a.  Drainage  Area  (square  miles):  .  0.23 

b.  Discharge  at  Damslte 

Estimated  experienced  maximum  flood  (cfs):  .  .  300 

Estimated  ungated  spillway  capacity  with 

reservoir  at  top  of  dam  elevation  (cfs): . 338 

c.  Elevation  (feet  above  MSL) 

Top  of  dam  (minimum):.  . . 710 

Spillway  crest: . 708.2 

Normal  Pool:  .  708.2 

Maximum  Experienced  Pool . 710- 

Observed  Pool:  .  708.2 

d.  Reservoir 

Length  of  pool  with  water  surface 

at  top  of  dam  (minimum)  elevation  (feet): . .  1000 

e.  Storage  (Acre-Feet) 

Top  of  dam  (minimum) .  20 

Spillway  crest: .  14 

Normal  Pool:  .  14 

Maximum  Experienced  Pool: .  20- 

Observed  Pool: .  14 

f.  Reservoir  Surfaces  (Acres) 

Top  of  dam  (minimum): .  4.4 

Spillway  crest: .  3 

Normal  Pool:  .  3 

Maximum  Experienced  Pool: .  4+ 

Observed  Pool: . . .  3 
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Type; 

Length: 

Structural  Height: 
Hydraulic  Height: 
Top  width: 

Side  slopes: 

Downstream 

Upstream 

Zoning: 

Impervious  core: 
Cutoff : 

Grout  curtain: 


earthfill 
227  feet 
25  feet 
25  feet 
12  feet 

IV  to  2H 
IV  to  3H  (crest 
to  water  surface) 
Unknown 
Unknown 
Unknown 
Unknown 


h.  Diversion  and  Regulating  Tunnel 


Wone 


i.  Spillway 

Type: 

Length  of  crest: 

Crest  Elevation  (feet  above  MSL) ; 


Trapezoidal  open  channel, 
uncontrol  led 

45  feet  (Bottom 
width) 

708.2 


j.  Regulating  Outlets 


None 


( 


V. 


SECTION  2;  ENGINEERING  DATA 


2. 1  Design 

Design  drawings  or  calculations  are  not  available  for 

the  dam. 

2.2  Construction  ' 

I 

I 

The  dam  was  built  by  Mr.  Glennon  Bpple  of  Hermann,  I 

Missouri.  No  construction  records  or  data  are  available  relating  j 

to  the  construction  of  the  dam. 

2.3  Operation 

No  operational  records  or  data  are  available  for  the 

dam. 

2.4  Evaluation 

a.  Availability 

No  design  drawings,  design  computations,  construc¬ 
tion  data,  or  operation  data  are  available. 

In  addition,  no  pertinent  data  were  available  for 
review  of  hydrology,  spillway  capacity,  flood  routing  through 
the  reservoir,  slope  stability,  seepage  analyses,  or  founda¬ 
tion  conditions. 
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b.  Adequacy 


The  lack  of  engineering  data  did  not  allow  for  a 
definitive  review  and  evaluation.  Therefore,  the  adequacy  of 
this  dam  could  not  be  assessed  from  the  standpoint  of  review¬ 
ing  and  evaluating  design,  operation  and  construction  data, 
but  Is  based  primarily  on  visual  Inspection,  past  performance 
history,  and  sound  engineering  judgement. 

Seepage  and  stability  analyses  comparable  to  the 
requirements  of  the  "Recommended  Guidelines  for  Safety  Inspec¬ 
tion  of  Dams"  were  not  available,  which  Is  considered  a 
deficiency.  These  seepage  and  stability  analyses  should  be 
performed  for  appropriate  loading  conditions  (Including 
earthquake  loads)  and  made  a  matter  of  record. 

c.  Validity 

No  valid  engineering  data  are  available. 


-10- 


SECTION  3;  VISUAL  INSPECTION 


Findings 


a«  General 


A  visual  Inspection  of  the  Benson  Lake  Dam  was  made 
on  April  24,  1980.  The  following  persons  were  present  during 
the  Inspection: 


Affiliation 


Disciplines 


Dr.  M.A.  Samad 


PRC  Engineering  Consultants,  Inc.  Project  Engineer, 

Hydraulics  and 
Hydrology 


Mark  R.  Haynes 


PRC  Engineering  Consultants,  Inc.  Soils  and 

Mechanical 


Robert  G.  McLaughlin  PRC  Engineering  Consultants,  Inc.  Civil 
Razl  Quraishl  PRC  Engineering  Consultants,  Inc.  Geology 


John  Lauth 


Consoer,  Townsend  &  Assoc.,  Ltd.  Civil  and 

Structural 


Wilbur  Benson  Representative  of  the  Owner 


Specific  observations  are  discussed  below. 


b.  Dam 

The  dam  crest  supports  an  unmaintalned  vegetative 
cover  which  appears  to  be  adequate  protection  against  surface 
erosion.  A  comprehensive  Inspection  of  the  crest  was  hampered 
due  to  the  growth  of  vegetation.  The  curvature  In  the  align¬ 
ment  and  the  crown  in  the  crest  do  not  appear  to  be  due  to  an 
instability  In  the  embankment.  The  dam  was  probably  con¬ 
structed  this  way.  There  was  no  evidence  of  significant 
settlement  on  the  crest.  No  significant  deviations  in  hori¬ 
zontal  or  vertical  alignment  were  apparent.  According  to  Mr. 
Wilbur  Benson,  the  dam  has  never  been  overtopped  and  no 
evidence  was  observed  Indicating  the  contrary. 

The  upstream  slope  has  no  riprap  protection.  Some 
minor  erosion  due  to  wave  action  has  occurred  near  the  water 
surface.  The  slope  above  the  water  surface  is  adequately 
protected  against  surface  erosion  by  a  good  growth  of  vegeta¬ 
tion.  No  erosion  gullies  due  to  surface  runoff  were  observed. 
Two  trees  were  observed  on  the  slope  near  the  spillway.  A 
comprehensive  Inspection  of  the  slope  was  hampered  due  to  the 
growth  of  vegetation.  No  settlements  or  bulges  which  would 
indicate  an  instability  of  the  slope  were  apparent. 

The  downstream  slope  has  a  heavy  growth  of  unmaln- 
tained  vegetation  which  appeared  to  be  adequate  protection 
against  surface  erosion.  No  erosion  due  to  surface  runoff  was 
observed.  Considerable  amount  of  trees  were  growing  on  the 
slope.  Tn  one  area  from  approximately  50  feet  to  100  feet  to 
the  right  of  the  spillway,  three  scarps  were  observed.  Two  of 
the  scarps  were  fairly  shallow  and  approximately  3-feet  wide. 
The  other  scarp  was  approximately  20-feet  wide  at  the  top  and 
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30-feet  wide  at  the  bottom.  The  scarp  extends  from  the  toe  of 
the  dam  to  within  5  feet  of  the  crest.  The  slope  near  the  top 
of  the  scarp  was  near  vert'^cal.  According  to  Mr.  Benson,  this 
area  has  been  this  way  since  1977  when  the  Benson's  took 
ownership  of  the  property.  Some  indications  indicate  that  the 
slough  occurred  fairly  recently.  The  leaning  of  the  young 
trees  toward  ..he  slope  in  the  area  indicate  that  the  slough 
had  occurred  fairly  recently,  however,  grass  has  grown  back  on 
the  steep  sections  of  the  scarp.  Although  seepage  was  ob¬ 
served  on  the  slope  in  the  area  of  the  scarps,  it  was  not 
possible  to  measure  the  flow  rate  for  this  investigation. 
Cattails  were  observed  in  the  area  which  indicates  that  water 
(seepage)  is  present  most  of  the  time.  No  other  depressions, 
bulges  or  cracks  which  would  indicate  an  instability  of  the 
embankment  were  apparent  on  the  slope. 

Rodent  activity  was  observed  on  the  embankment. 
Several  one  inch  diameter  rodent  holes  were  observed  on  the 
crest  and  the  upstream  slope.  One  large  rodent  hole  was 
observed  on  the  downstream  slope.  It  was  approximately  6 
inches  in  diameter. 

A  small  natural  drainage  channel  was  observed  just 
downstream  of  the  toe  of  the  dam.  The  channel  runs  parallel 
to  the  embankment  from  the  right  abutment  to  the  discharge 
channel  of  the  spillway.  The  channel  appeared  to  be  used  to 
drain  the  surface  runoff  of  the  right  abutment  area.  Some 
flowing  water  was  observed  in  the  channel;  however,  it  was  not 
possible  to  determine  whether  or  not  this  flow  was  due  at 
least  in  part  to  seepage  through  the  embankment  or  foundation. 


Both  abutments  slope  gently  upward  from  the  crest. 
No  erosion  which  would  affect  the  safety  of  the  embankment  or 
appurtenant  structures  was  observed  on  either  abutment.  No 
seepage  or  instabilities  which  would  affect  the  safety  or 
stability  of  the  dam  were  apparent  on  either  abutment.  The 
left  abutment  supports  the  spillway  and  the  right  abutment 
supports  a  gravel  access  road  which  runs  perpendicular  to  the 
embankment.  Rock  outcrops  were  observed  in  the  spillway 
discharge  channel  and  on  the  right  abutment. 

c.  Project  Geology  and  Soils 

(1)  Project  Geology 

The  damsite  is  located  on  an  unnamed  tributary  of 
the  Frene  Creek  in  the  Salem  Plateau  section  of  the  Ozark 
Plateaus  Physi ographic  Province.  Deep  dissection  of  topo¬ 
graphy  by  major  streams  is  one  of  the  important  characteris¬ 
tics  of  the  Salem  Plateau  section.  There  is  a  wide  distribu¬ 
tion  of  dolomites  and  limestones  in  the  Salem  Plateau. 
Cuestaform  topography  is  exhibited  in  this  plateau  section, 
consisting  of  two  major  escarpments,  namely  the  Crystal 
Escarpment  and  Burlington  Escarpment.  Deep  dissection  in 
dolomites  and  limestones  is  a  major  factor  in  the  development 
of  many  springs  in  this  area.  The  topography  in  the  damsite 
vicinity  is  rolling  to  hilly  with  U  to  V  shaped  valleys. 
Elevation  ranges  from  927  feet  above  M.S.L.  (nearly  0.5  miles 
northwest  of  the  damsite)  to  700  feet  above  M.S.L.  at  the 
Benson  Lake.  The  reservoir  slopes  are  generally  5*^  to  18° 
from  horizontal.  The  reservoir  appears  to  be  watertight  and 
free  of  any  potential  slide  activity.  The  area  at  the  damsite 
is  covered  with  slope  wash  deposits  of  glacial-fluvial  and 
loess  in  origin.  These  deposits  consist  of  reddish-brown 
silty  clay. 
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The  Inlet  and  outlet  areas  of  the  unnamed  tributary 
of  Frene  Creek  contain  Quaternary  Alluvium.  Outcrops  of 
Ordovician  moderately  weathered,  hard  Dolomltic  rocks,  hori¬ 
zontally  Interbedded  with  brown  Calcareous  sandstones  and 
light  gray  shales,  with  a  strike  of  N50E  are  exposed  at  the 
base  of  the  spillway  cut  and  at  the  downstream  channel  of  the 
spillway.  Each  unit  of  these  rocks  Is  three  feet  thick,  with 
horizontal  to  blocky  Joint  pattern. 

The  areal  bedrock  geology  beneath  the  slope  wash 
deposits  as  shown  on  the  geologic  map  of  Missouri  (1979), 
Plate  3  consists  of  Pennsylvanian  rocks  undifferentiated, 
Ordovician  St.  Peter's  sandstone  and  Ordovician  Dolomltic 
rocks.  No  faults  have  been  identified  in  the  vicinity  of  the 
damsite.  The  closest  trace  of  a  fault  Is  the  Cuba  Fault 
nearly  22  miles  south  of  the  damsite.  The  Cuba  Fault  had  Its 
last  movement  in  post-Pennsylvanian  time.  This  fault  appears 
to  have  no  effect  on  the  damsite. 

Benson  Lake  Dam  consists  of  an  homogeneous  earth- 
fill  embankment  and  a  spillway  located  at  the  right  abutment 
end  of  the  embankment.  No  boring  logs  or  construction  reports 
were  available  which  would  Indicate  foundation  conditions 
encountered  during  the  dam  construction.  It  is  assumed  that 
the  embankment  probably  rests  on  brownish-gray  Calcareous 
sandstone  interbedded  with  shales  and  dolomites.  The  spillway 
is  cut  Into  hard  sandstone  Interbedded  with  shales  and  dolo¬ 
mites.  The  spillway  rockcut  slopes  are  relatively  stable. 
Minor  localized  rock  debris  were  observed  at  the  foot  of  the 
slope  at  the  downstream  channel  walls  of  the  spillway. 
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(2)  Project  Soils 


According  to  the  "Missouri  General  Soil  Map  and 
Soil  Association  Descriptions"  published  by  the  Soil  Conserva¬ 
tion  Service,  the  materials  in  the  general  area  of  the  dam 
belong  to  the  soil  series  of  Gerald-Unlon-Goss  in  the  Ozarks 
family.  The  soils  were  basically  formed  from  loess  and  cherty 
limestone  residuum.  The  permeability  of  these  soils  range 
from  moderate  to  very  slow. 

Materials  removed  from  the  embankment  on  the 
upstream  and  downstream  slopes  approximately  1  foot  below  the 
vegetative  cover  appeared  to  be  a  light  brown  silty  fine  to 
medium  sand.  Based  upon  the  Unified  Soil  Classification 
System,  the  soil  probably  be  classified  as  a  SM.  This  soil 
type  generally  has  the  following  characteristics:  semlper- 

vious  to  impervious  with  a  coefficient  of  permeability  less 
than  100  feet  per  year;  medium  to  high  shear  strength;  and  a 
low  to  intermediate  resistance  to  piping. 

d.  Appurtenant  Structures 

(1)  Spillway 

The  banks  of  the  spillway  channel  especially  the 
left  bank  appear  to  be  of  easily  trodible  material  as  there 
are  several  erosion  gullies  forming  along  the  slope.  Although 
the  channel  is  clear  at  the  inlet  area,  the  bottom  of  channel, 
a  short  distance  downstream,  becomes  heavily  laden  with  tall 
grass,  bushes,  and  even  a  sapling  or  two.  The  bottom  of 
channel  seems  to  be  in  easily  erodible  soil  also  but,  in  an 
area  where  a  rock  outcropping  occurs.  There  is  much  evidence 
of  the  erosion  and  rock  downstream  of  the  drop  where  the 
Invert  slope  Increases  causing  higher  velocities.  Sloughing 

( 
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also  seems  to  be  present  In  this  downstream  portion.  The 
entire  bottom  of  channel  la  In  bedrock  through  the  sharp  turn 
to  the  right  and  on  down  to  the  downstream  channel. 

(2)  Outlet  Works 

There  is  no  level  drain  or  outlet  works  provided 
for  this  dam. 

e.  Reservoir  Area 

The  water  surface  elevation  was  708.2  feet  above 
MSL  on  the  day  of  the  Inspection.  The  reservoir  rim  is  lined 
with  trees  along  the  right  side  which  is  also  where  a  road 
runs  adjacent  to  the  reservoir.  The  remainder  of  the  reser¬ 
voir  rim  has  mild  grassy  slopes.  The  slopes  above  the  reser¬ 
voir  rim  are  mild  and  grass  covered.  The  forested  area  begins 
a  few  hundred  feet  away  from  the  reservoir  rim.  At  least 
three  drainage  swales  from  the  surrounding  forest  empty  into 
the  reservoir.  There  are  no  houses  or  other  structures  built 
In  close  proximity  to  the  reservoir. 

f.  Downstream  Channel 

The  downstream  channel  is  well  defined.  The 
channel  is  5  feet  wide  and  3  feet  deep  and  has  a  side  slope  of 
IV  to  2H  on  the  right  side  and  IV  to  5H  on  the  left  side  in 
the  proximity  of  the  damslte.  Some  trees  and  tall  vegetation 
were  observed  growing  on  the  channel.  The  trees  and  the  tall 
vegetation  will  reduce  the  hydraulic  efficiency  of  the  chan¬ 
nel. 
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3.2  Evaluation 

The  visual  Inspection  did  reveal  one  Item  which  was 
significant  enough  to  possibly  warrant  Immediate  remedial  action. 
The  scarps  observed  on  the  downstream  slope  Indicate  instability  of 
the  slope.  The  slope  appeared  to  be  stable  at  the  time  of  the 
inspection,  however,  the  potential  of  further  sloughing  of  the 
slope  Is  still  there.  The  seepage  observed  In  the  area  Is  also 
detrimental  to  safety  and  stability  of  the  embankment.  The  seepage 
Increases  the  potential  for  further  failure  in  this  area.  The 
potential  of  the  embankment  Co  fall  in  this  area  Is  also  increased 
if  the  dam  is  overtopped,  the  slope  would  probably  erode  faster  in 
this  area  thus  Increasing  the  potential  of  failure.  The  embankment 
is  also  weaker  In  this  area  and  the  surcharge  of  water  on  the 
embankment  as  the  reservoir  level  rises  above  the  spillway  crest 
could  cause  the  embankment  to  fall. 

The  following  conditions  were  observed  which  could 
affect  the  safety  of  the  facility  and  will  require  maintenance 
within  a  reasonable  period  of  time. 

1.  The  minor  wave  erosion  on  the  upstream  slope  does 
not  appear  to  affect  the  stability  of  the  dam  In  Its  present 
condition.  Nevertheless,  continual  erosion  of  the  slope  could  be 
detrimental  to  the  stability  of  the  dam. 

2.  The  trees  observed  on  the  downstream  and  the  up¬ 
stream  slopes  pose  a  potential  danger  to  the  safety  of  the  dam 
depending  upon  the  extent  of  the  root  system.  The  roots  of  trees 
present  possible  paths  for  piping  through  the  embankment.  The  root 
systems  can  also  do  damage  Co  the  embankment  from  being  uprooted  by 
a  storm. 


( 
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3>  Rodent  activities  observed  on  tlie  embankment  could 
jeopardize  the  safety  of  the  dam.  The  holes  created  by  the  animals 
make  avenues  for  possible  piping. 

4.  The  vegetation  on  the  embankment  should  be  properly 
maintained.  A  heavy  growth  of  vegetation  on  the  eiuuankment  hinders 
a  comprehensive  inspection  of  the  dam  and  potential  problems  could 
go  undetected. 


5.  Although  the  spillway  area  does  not  seem  to  be  in  a 
condition  that  jeopardizes  the  safety  of  the  dam,  the  following 
conclusions  seem  likely;  (a)  the  erosion  through  the  left  bank 
will  get  worse  and  soli  will  be  washed  downstream  if  left  in  the 
"as  is"  condition,  (b)  the  tall  grass  etc.  growing  within  the 
channel  slows  the  velocity  of  the  flow  thus  causing  some  backwater 
effects,  and  (c)  the  channel  banks  downstream  of  the  drop  will 
continue  to  erode  and  slough  into  the  bottom  of  channel. 

6.  If  water  overflows  the  roadway  at  the  right  abutment 
and  flows  down  along  Che  upstream  right  abutment  contact,  problems 
could  arise  due  to  a  weakening  between  the  dam  and  the  abutment. 
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SECTION  4;  OPERATIONAL  PROCEDURES 


4. 1  Procedures 


Benson  Lake  Dam  is  used  to  Impound  water  from  rainfall 
and  runoff  for  recreation.  The  water  level  below  the  spillway 
crest  Is  allowed  to  remain  as  high  as  possible. 

4.2  Maintenance  of  Dam 


The  dam  is  maintained  by  the  owner,  Mr.  Clifford  Benson, 
and  his  brother,  Mr.  Wilbur  Benson.  The  maintenance  of  the  dam 
appears  to  be  Inadequate.  The  downstream  slope  is  covered  with 
dense  vegetation,  bushes,  saplings  and  trees  and  on  the  upstream 
slope  a  few  small  trees  and  saplings  are  growing. 

There  is  an  erosion  gully  at  the  downstream  side  of  the 
spillway.  This  erosion  should  be  arrested  before  it  can  do  any 
damage  to  the  embankment. 

There  have  not  been  any  major  repairs  done  to  the  dam 
since  its  original  construction. 

4.3  Maintenance  of  Operating  Facilities 

There  are  no  operating  facilities  associated  with  this 

dam. 
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Description  of  Any  Warning  System  In  Effect 


4>  4 


The  Inspection  team  is  not  aware  of  any  existing  warning 
system  in  effect. 

4 . 5  Evaluation 


The  maintenance  at  Benson  Lake  Dam  appears  to  be  inade¬ 
quate  at  this  time.  The  remedial  measures  described  in  Section  7 
should  be  undertaken  to  improve  the  condition  of  the  dam. 


-21- 


SECTION  5:  HYDRAULIC/HYDROLOGIC 


5.1  Evaluation  of  Features 


a.  Design 

The  watershed  area  of  Benson  Lake  Dam  upstream  from 
the  dam  axis  consists  of  approximately  147  acres.  There  is  an 
upstream  dam  above  Benson  Lake  Dam.  The  watershed  area 
between  the  upstream  dam  and  Benson  Lake  Dam  investigated  in 
this  report  is  about  93  acres.  Most  of  the  watershed  area  is 
wooded  with  some  range  and  pasture  land.  Land  gradients  in 
the  watershed  average  roughly  7  percent.  Benson  Lake  Dam  is 
located  on  an  unnamed  tributary  of  Frene  Creek.  The  reservoir 
is  about  2-1/4  miles  upstream  from  the  confluence  of  the 
unnamed  tributary  and  Frene  Creek.  At  its  longest  arm  the 
watershed  is  approximately  0.8  mile  long.  A  drainage  map 
showing  the  watershed,  the  downstream  hazard  zone,  and  loca¬ 
tion  of  the  upstream  dam  is  presented  as  Plate  1  in  Appendix 
B. 


Evaluation  of  the  hydraulic  and  hydrologic  features 
of  Benson  Lake  Dam  was  based  on  criteria  set  forth  in  Corps  of 
Engineers'  "Engineer  Regulation  No.  1110-2-106",  and  addi¬ 
tional  guidance  provided  by  the  .St.  Louis  District  of  the 
Corps  of  Engineers.  The  Probable  Maximum  Flood  (PMF)  was 
calculated  from  the  Probable  Maximum  Precipitation  (PMP)  using 
the  methods  outlined  in  the  U.S.  Weather  Bureau  Publication, 
Hydrometerologica I  Report  No.  33.  The  probable  maximum  storm 
duration  was  set  at  24  hours,  and  storm  rainfall  distribution 
was  based  on  criteria  given  in  EM  1 110-2-1411  (Standard 
Project  Storm).  The  SCS  method  was  used  for  deriving  the  unit 
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V. 


hydrographs,  utilizing  the  Corps  of  Engineers'  computer 
program  HEC-I  (Dam  Safety  Version).  Two  unit  hydrographs  were 
derived.  One  unit  hydrograph  was  for  the  drainage  above  the 
Upstream  Dam;  another  unit  hydrograph  was  for  drainage  area 
between  the  Upstream  Dam  and  Benson  Lake  Dam.  The  SCS  method 
was  used  for  determining  loss  rate.  The  hydrologic  soil  group 
of  the  watershed  was  determined  by  use  of  published  soil  maps. 
The  hydrologic  soil  group  of  the  watershed  and  the  SCS  curve 
number  are  also  presented  in  Appendix  B.  The  curve  number, 
the  unit  hydrograph  parameters,  and  the  PMP  rainfall  were 
directly  input  to  the  HEC-1  (Dam  Safety  Version)  computer 
program  to  obtain  the  PMF  hydrograph.  The  computed  peak 
discharges  of  the  PMF  and  one-half  of  the  PMF  at  the  Upstream 
Dam  reservoir  are  1159  cfs  and  579  cfs  respectively.  The  peak 
discharges  of  the  PMF  and  one-half  of  the  PMF  for  the  area 
between  the  Upstream  Dam  and  Benson  Lake  Dam  are  2026  and  1013 
cfs  respectively.  Both  the  PMF  and  one-half  of  the  PMF  inflow 
hydrographs  at  the  Upstream  Dam  were  routed  through  the 
Upstream  reservoir  by  the  Modified  Puls  Method,  also  utilizing 
the  HEC-1  (Dam  Safety  Version)  computer  program.  A  storm  of 
50  percent  and  25  percent  PMF,  respectively,  preceded  the  PMF 
and  50  percent  PMF  by  four  days.  The  reservoir  was  assumed  at 
the  mean  annual  high  water  level  at  the  beginning  of  the 
antecedent  storm.  The  mean  annual  high  water  level  for  the 
Upstream  Dam  was  estimated  to  be  at  the  crest  of  the  spillway. 
The  antecedent  50  percent  PMF  storm,  when  routed  through  the 
reservoir  will  leave  the  reservoir  at  the  same  elevation  as 
the  spillway  crest  at  the  end  of  four  day  period.  Thus  the 
reservoir  was  assumed  at  the  crest  level  of  the  spillway  at 
the  start  of  the  routing  computation  for  PMF,  one-half  of  the 
PMF  and  other  PMF  ratio  floods.  The  failure  elevation  of  the 
upstream  dam  was  set  at  the  minimum  elevation  of  the  top  of 
dam.  The  breach  dimension  for  the  upstream  dam  was  determined 
according  to  the  guidelines  furnished  by  the  St.  Louis  Dis- 
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The  peak  outflow  discharges  with  dam  break  for  the 
PMF  and  one-half  of  the  PMF  at  the  Upstream  Dam  are  lOSl  cfs 
and  ‘>78  cfs,  respectively.  Both  the  PMF  and  one-half  of  the 
PMF  when  routed  through  the  reservoir  resulted  in  overtopping 
of  the  Upstream  Dam.  The  outflow  hydrographs  at  the  Upstream 
Dam  were  routed  through  the  channel  between  the  Upstream  Dam 
and  Benson  Lake  Dam  and  then  were  combined  with  the  PMF  and 
one-half  of  the  PMF  hydrographs  for  Benson  Lake  Dam.  The 
combined  hydrographs  for  both  the  PMF  and  one-half  of  the  PMF, 
were  then  routed  through  Benson  Lake  Dam  reservoir.  The 
reservoir  was  assumed  at  mean  annual  high  water  level  at  the 
beginning  of  the  routing  computation.  The  mean  annual  high 
water  level  for  Benson  Lake  Dam  Reservoir  was  estimated  to  be 
at  the  crest  of  the  spillway.  The  peak  outflow  discharges  for 
the  PMF  and  one-half  of  the  PMF  at  Benson  Lake  Dam  are  2,887 
cfs  and  1,340  cfs,  respectively.  Both  the  PMF  and  one-half  of 
the  PMF,  when  routed  through  the  reservoir  resulted  in  over¬ 
topping  of  Benson  Lake  Dam. 

The  sizes  of  physical  features  utilized  to  develop 
the  stage-outflow  relation  for  the  spillway  and  overtopping  of 
the  dams  were  prepared  from  field  notes  and  sketches  prepared 
during  the  field  inspection.  The  reservoir  elevation-area 
data  were  obtained  from  the  U.S.G.S.  Hermann,  Missouri  Quad¬ 
rangle  topographic  map  (7.5  minute  series).  The  spillway  and 
dam  overtop-rating  curve  and  the  reservoir  elevation-area 
curve  for  Benson  Lake  Dam  are  presented  as  Plates  2  and  3  in 
Appendix  B. 
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From  the  standpoint  of  dam  safety,  the  hydrologic 
design  of  a  dara  must  aim  at  avoiding  overtopping.  Overtopping 
is  especially  dangerous  for  an  earth  dam  because  of  its 
erodable  characteristics.  The  safe  hydrologic  design  of  an 
embankment  dam  requires  a  spillway  discharge  capability 
combined  with  an  embankment  crest  height  that  can  handle  a 
very  large  and  exceedingly  rare  flood  without  overtopping. 

The  Corps  of  Engineers  designs  dams  to  safely  pass 
the  Probable  Maximum  Flood  that  could  be  generated  from  the 
dam's  watershed.  This  is  generally  the  standard  for  dam 
safety  where  overtopping  would  pose  any  threat  to  human  life. 
Accordingly,  the  hydrologic  requirement  for  safety  for  this 
dam  is  the  capability  to  pass  the  Probable  Maximum  Flood 
without  overtopping. 

b.  Experience  Data 

It  is  believed  that  records  of  reservoir  stage  or 
spillway  discharge  are  not  maintained  for  this  site.  However, 
according  to  Mr.  Wilbur  Benson,  the  maximum  reservoir  level 
was  about  a  few  inches  above  the  roadway  at  the  right  abut¬ 
ment  . 


c.  Visual  Observations 

Observations  made  of  the  spillway  during  the  visual 
inspection  are  discussed  in  Section  3.1d(l)  and  evaluated  in 
Section  3.2. 


-25- 


i 


d.  Overtopping  Potential 


As  indicated  in  Section  5- I. a,  both  the  Probable 
Maximum  Flood,  and  one-half  of  the  Probable  Maximum  Flood  when 
routed  through  the  reservoir,  resulted  in  overtopping  of  the 
dam.  The  peak  outflow  discharges  for  the  PMF  are  2,887  and 
1,340  cfs,  respectively.  The  maximum  capacity  of  the  spillway 
just  before  overtopping  the  dam  is  338  cfs.  The  PMF  over¬ 
topped  the  dam  by  2.33  feet  and  one-half  of  the  PMF  overtopped 
the  dam  by  1,35  feet.  The  total  duration  of  overflow  over  the 
top  of  dam  is  5.25  hours  during  the  PMF  and  1.17  hours  during 
one-half  of  the  PMF.  The  spillway/reservoir  system  of  Benson 
Lake  Dam  is  capable  of  accommodating  a  flood  equal  to  approxi¬ 
mately  20  percent  of  the  PMF  just  before  overtopping  the  dam. 
The  reservoi r/spi 1 Iway  system  of  Benson  Lake  Dam  will  accommo¬ 
date  the  one-percent  chance  flood  without  overtopping. 

The  surface  soils  in  the  embankment  and  the  spill¬ 
way  appear  to  be  a  sand-silt  mixture.  The  dam  is  overtopped 
by  over  2  feet  during  the  occurrence  of  the  PMF.  The  maximum 
velocity  of  flow  in  the  spillway  during  the  PMF  will  be  about 
8  ft/sec,  which  exceeds  the  permissible  velocity  (5  ft/sec)  in 
the  spillway.  The  dam  itself  would  be  susceptible  to  erosion 
due  to  high  velocity  of  flow  on  its  downstream  slope,  spe¬ 
cially  in  the  area  of  the  scarps  observed  on  the  downstream 
slope,  during  overtopping  of  the  dam. 


t 
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SECTION  6:  STRUCTURAL  STABILITY 


6 . 1  Evaluation  of  Structural  Stability 


a.  Visual  Observations 

The  evidence  of  the  past  sloughing  and  the  present 
seepage  observed  on  the  downstream  slope  indicates  a  serious 
instability  and  potential  for  failure  of  the  embankment  in  the 
area  of  the  observed  scarps.  Seepage  was  observed  in  the  area 
of  the  scarps.  The  scarps  and  the  seepage  observed  on  the 
slope  indicate  instability  of  the  slope.  The  minor  erosion  of 
the  upstream  slope  due  to  wave  action  was  not  serious  enough 
to  constitute  an  unsafe  condition.  Nevertheless,  the  erosion 
should  be  monitored  and  if  the  erosion  continues,  steps  should 
be  taken  to  control  the  problem.  No  other  major  signs  of 
settlement  or  distress  were  observed  on  the  embankment  or 
foundation  during  the  visual  inspection.  In  the  absence  of 
seepage  and  stability  analyses,  no  quantitative  evaluation  of 
the  structural  stability  can  be  made. 

The  spillway  crest  area  and  the  channel  appear  to 
be  generally  stable  albeit  in  poor  condition.  The  roadway, 
which  will  act  as  emergency  spillway  also  appears  to  be  in  a 
stable  condition. 
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b.  Design  and  Construction  Data 

No  design  computations  were  uncovered  during  the 
report  preparation  phase.  Seepage  and  stability  analyses 
comparable  to  the  requirements  of  the  "Recommended  Guidelines 
for  Safety  Inspection  of  Dams"  were  not  available.  No  embank¬ 
ment  or  foundation  soil  parameters  were  available  for  carrying 
out  a  conventional  stability  analysis  on  the  embankment.  No 
construction  data  or  specifications  relating  to  the  degree  of 
embankment  compaction  were  available  for  use  in  a  stability 
analysis . 

c.  Operating  Records 

No  operating  records  are  available  relating  to  the 
dam  or  appurtenant  structures.  No  regulated  outlet  works  was 
provided  for  the  dam.  The  water  level  on  the  day  of  the 
visual  inspection  was  at  the  crest  of  the  spillway.  According 
to  Mr.  Wilbur  Benson,  the  reservoir  remains  close  to  full  at 
all  times. 

d.  Post  Construction  Changes 

No  post  construction  changes  are  known  to  exist 
which  will  affect  the  structural  stability  of  the  dam. 

e.  Seismic  Stability 

The  dam  is  located  in  Seismic  Zone  1,  as  defined  in 
"Recommended  Guidelines  For  Safety  Inspection  of  Dams"  as  as 
prepared  by  the  Corps  of  Engineers,  and  will  not  require  a 
seismic  stability  analysis.  An  earthquake  of  the  magnitude 
which  would  be  expected  in  Seismic  Zone  1  will  not  cause 
distress  to  a  well  designed  and  constructed  earth  dam. 
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SECTION  7;  ASSESSMENT/REMEDIAL  MEASURES 


7 . I  Dam  As. sea sment 

The  assessment  of  tl\e  general  condition  of  the  dam  is 
based  upon  available  data  and  visual  inspections.  Detailed  inves¬ 
tigations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  scope  of  a  Phase  I  investigation,  however,  the  investi¬ 
gation  is  intended  to  identify  any  need  for  such  studies. 

It  should  be  realized  that  the  reported  condition  of  the 
dam  is  based  upon  observations  of  field  conditions  at  the  time  of 
inspection  along  with  data  available  to  the  inspection  team. 

It  is  also  important  to  note  that  the  condition  of  a  dam 
depends  upon  numerous  and  constantly  changing  internal  and  external 
conditions,  and  is  evolutionary  in  nature.  It  would  be  incorrect 
to  assume  that  the  present  condition  of  the  dam  will  continue  to 
represent  the  condition  of  the  dam  at  some  point  in  the  future. 
Only  through  continued  care  and  inspection  can  there  be  assurance 
that  an  unsafe  condition  could  be  detected. 

a.  Safety 

The  spillway  capacity  of  Benson  Lake  Dam  is  found 
to  be  "Seriously  Inadequate".  The  spillway/reservoir  system 
will  accommodate  about  20  percent  of  the  PMF  without  overtop¬ 
ping  the  dam.  The  surface  soils  in  the  embankment  and  the 
spillway  appears  to  be  a  sand-silt  mixture.  The  dam  is 
overtopped  by  over  2  feet  during  the  occurrence  of  the  PMF. 
The  maximum  velocity  of  flow  in  the  spillway  during  PMF  will 


-30- 


be  about  8  ft/sec.  The  velocity  in  the  spillway  will  thus 
exceed  the  permissible  velocity  of  5  ft/sec  (Kentucky  Blue 
Grass-sandy  silt).  The  dam  would  also  be  susceptible  to 
erosion  due  to  high  velocity  of  flow  on  its  downstream  slope, 
due  to  overtopping  of  the  dam  during  the  occurrence  of  the 
PMF. 

No  quantitative  evaluation  of  the  safety  of  the 
embankment  can  be  made  in  view  of  the  absence  of  seepage  and 
stability  analyses.  The  present  embankment,  however,  has 
reportedly  performed  satisfactorily  since  its  construction 
without  failure  or  evidence  of  instability,  except  for  insta¬ 
bility  of  the  left  side  of  the  downstream  slope.  Reportedly, 
the  dam  has  never  been  overtopped  and  there  was  no  evidence 
indicating  the  contrary. 

The  safety  of  the  dam  can  be  improved  if  the 
deficiencies  described  in  Sections  6.1a  and  3.2  and  below  are 
properly  corrected  as  described  in  Section  7,2.  The  trees 
observed  on  the  downstream  and  upstream  slopes  pose  a  poten¬ 
tial  danger  to  the  safety  of  the  dam  depending  upon  the  extent 
of  Che  root  system.  The  roots  of  trees  present  possible  paths 
for  piping  through  the  embankment.  The  root  systems  can  also 
do  damage  to  the  embankment  from  being  uprooted  by  a  storm. 
Therefore,  the  trees  should  be  removed  from  the  embankment 
under  the  guidance  of  an  engineer  experienced  in  the  design 
and  construction  of  earthen  dams. 

The  existence  of  burrowing  animals  on  the  embank¬ 
ment  could  jeopardize  the  safety  of  the  dam.  The  holes 
created  by  the  animals  make  avenues  for  possible  piping.  The 
extent  of  damage  to  the  embankment  done  by  the  burrowing 
animals  should  be  determined  and  corrective  measures  under¬ 
taken  as  required. 

f 

-31- 


The  spillway  system  seems  to  be  functioning  in  a 
reasonably  efficient  manner  and  doesn't  pose  any  hazards  for 
the  dam.  The  roadway  at  the  right  abutment,  which  will  act  as 
emergency  spillway,  was  once  overflowed  during  a  flood.  The 
roadway  seems  to  be  in  good  condition. 

b.  Adequacy  of  Information 

Information  relating  to  the  design  and  construction 
of  the  dam  is  lacking.  The  conclusions  presented  in  this 
report  are  based  upon  field  measurement,  past  performance  and 
present  condition  of  the  dam.  Information  on  the  design 
hydrology,  hydraulic  design,  and  the  operation  and  maintenance 
of  the  dam  were  not  available.  Seepage  and  stability  analyses 
comparable  to  the  requirements  of  the  "Recommended  Guidelines 
for  Safety  Inspection  of  Dams"  were  not  available,  which  is 
considered  a  deficiency. 

c.  fJrgency 

The  steepness  (almost  vertical)  of  the  scarps 
observed  on  the  downstream  slope,  in  conjunction  with  the 
seepage  observed  at  the  base  of  the  scarps,  poses  a  potential 
instability  of  the  embankment,  which  should  be  investigated  in 
Che  immediate  future.  The  remaining  remedial  measures  recom¬ 
mended  in  Section  7.2  should  be  accomplished  within  a  reason¬ 
able  period  of  time. 

d.  Necessity  for  Phase  II  Inspection 

Based  on  results  of  the  Phase  I  inspection,  a  Phase 
II  inspection  is  not  felt  to  be  necessary.  However,  the 
remedial  measures  described  in  Paragraph  7.2  should  be  under¬ 
taken  within  the  time  frame  recommended  in  Section  7.1(c). 
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7 , 2  Remedi a 1  Measures 

a.  Alternatives 

There  are  several  general  options  that  may  be  considered 
to  reduce  the  possibility  of  dam  failure  or  to  diminish  the  harmful 
consequences  of  such  a  failure.  Some  of  these  options  are: 

1.  Increase  spillway  capacity  to  pass  the  Probable 
Maximum  Flood  without  overtopping  the  dam. 

2.  Increase  the  height  of  the  dam  enough  to  pass  the 
PMF  without  overtopping  the  dam.  An  investigation 
should  also  be  done  that  includes  studying  the 
effects  on  the  structural  stability  of  the  existing 
embankment  and  the  spillway.  The  overtopping  depth 
during  the  occurrence  of  the  PMF,  stated  in  Section 
5. Id,  is  not  the  required  or  recommended  increase  in 
the  height  of  the  dam. 

3.  A  combination  of  1  and  2  above. 

b.  0  &  M  Procedures 

1.  Perform  an  investigation  of  the  stability  and  safety 
of  the  embankment  due  to  the  scarps  and  the  seepage 
observed  on  the  downstream  slope. 

2.  The  erosion  due  to  wave  action  on  the  upstream  slope 
should  be  monitored  and  if  the  erosion  continues, 
protective  measures  should  be  employed  to  protect 
the  slope  from  further  damage. 
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3. 


Remove  the  trees  from  the  downstream  and  upstream 
slopes  of  the  dam.  Removal  of  large  trees  should  be 
under  the  guidance  of  an  engineer  experienced  in  the 
design  and  construction  of  earthen  dams. 

4.  Determine  the  extent  of  damage  done  to  the  embank¬ 
ment  by  burrowing  animals,  and  corrective  repairs 
made  as  required.  All  burrowing  animals  should  be 
eliminated  from  the  embankment  and  their  burrows 
properly  backfilled  and  compacted. 

5.  The  vegetation  on  the  embankment  should  be  properly 
maintained  and  an  adequate  vegetative  cover  retained 
on  the  embankment  to  protect  it  from  surface  ero¬ 
sion.  A  heavy  growth  of  vegetation  on  the  embank¬ 
ment  could  prevent  a  comprehensive  inspection  of  the 
dam  and  potential  problems  could  go  undetected. 

6.  tf  during  periods  of  spillage  over  the  roadway  at 
the  right  end  of  the  dam,  the  water  flows  down  the 
right  upstream  abutment  contact  area,  a  permanent 
berm  should  be  constructed  in  order  to  direct  this 
flow  to  a  point  beyond  the  abutment  contact  area  and 
downstream  toe.  Once  the  flow  is  downstream  from 
the  abutment  contact  area  and  the  toe  of  the  dam,  it 
may  be  directed  towards  the  downstream  channel. 

7.  The  entire  spillway  should  be  watched  and  checked 
periodically  for  progressive  erosion  and  sloughing 
which  would  be  seriously  detrimental  to  its  proper 
functioning.  If  these  things  do  occur,  remedial 
action  should  be  taken. 
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8.  Seepage  and  stability  analyses  should  be  performed 
by  a  professional  engineer  experienced  in  the  design 
and  construction  of  earth  dams. 

9.  The  owner  should  initiate  the  following  programs: 

(a)  Periodic  inspection  of  the  dam  by  a  profes¬ 
sional  engineer  experienced  in  the  design  and 
construction  of  earthen  dams. 

(b)  Set  up  a  maintenance  schedule  and  log  all 
visits  to  the  dam  for  operation,  repairs  and 
maintenance. 
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